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Oiytical pulse generator 



(57) An electromagnetic radiation multiple pulse generator comprises a radiation source 2 for producing 
discrete pulses of radiation 24, 28, 32, a splitter 6 for splitting each pulse along several transmission paths 7-14 
and a combiner 16 for combining the split pulses to produce output pulses 26, 30, 34. In the preferred 
embodiment optical pulses ere used and the transmission paths are optical fibre delay lines. In one 
embodiment the fibres have different lengths/delays so that each input pulse produces a train of output pulses 
as in figure 1. The delays may be selected to produce one single output pulse of longer duration (fig. 3a), or 
some of the delays may be equal to produce other pulse shapes (fig. 3b and 3c). In a further embodiment the 
delay lines nriay have switches to enable or disable Individual paths (see 100-108 in fig. 2). Applications include 
communications/signalling, target sensing and unique signature pulses for secure communications. 
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MULTIPLE PULSE GENERATION 

This invention relates to the field of electromagnetic radiation pulse generation 
and more specifically, but not exclusively, to the use of optical techniques in the 
generation of multiple electromagnetic pulses from a single input pulse. 

The generation of electromagnetic pulses by radiation emitting sources is well 
known in the arts of communications and sensor systems and numerous 
electrically based techniques have been developed to enable the encoding of 
such pulses for subsequent recognition and identification. 

The state of the art electrically based techniques used to modify radiation 
pulses such that they may be readily identified rely on the ability to affect certain 
characteristics such as pulse length, duration, amplitude, frequency or other 
characteristics such as rise and decay time. Additionally multiple pulses may be 
used to further distinguish a generated pulse. 

The ability to modify the pulse repetition rate frequency (PRF) for multiple 
pulses is also a characteristic which can be exploited, but there are present 
physical and electromagnetic limitations to the maximum PRF that can be 
achieved. 

Accordingly there is provided an electromagnetic radiation (EMR) multiple pulse 
generator; comprising. 

an EMR source for producing discrete pulses of radiation. 

an EMR splitter for receiving the pulses of radiation produced by the EMR 
source, said splittisr providing a plurality of EMR transmission paths for the 
received pulses, each of said transmission paths having different physical 
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c.a,aCer,s«os ,or -notifying EMR pu.ses passing .h,oug^ sa« pams relative .o 
the input pulses, 

30 EMR oo^Piner ,o. cc.PWng *e ™a«ie<. o>rtpu,s cf sa« p.ura,«y o, E^.R 
transmission paths, and 

a. ^s. one co,*ined EMR output transmission patt, .or transmuting said 
combined EMR output. 

TH combined EMR output may comprise a train of discrete pulses. 
The combined EMR P ^ p^^^^ ^^^,„g 3 

Aitp.rnatlvelv the combined EMR outpui may h 

Alternatively Altematively the combined EMR 

duration longer than that of the mp 

pulse. 

,n a further embodiment of the invention the EMR multiple pulse genera»r 

paths, the switching means being capau 
transmission path. 



pulse train. 
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I of some preferred embodiments of the invention will now be 

i::::; ::7jz^ ^ ^^^^ — — 



which; 
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Figure 1 - shows a first embodiment of an EMR multiple pulse generator in 
accordance with the invention. 

Figure 2 - shows a second embodiment of an EMR multiple pulse generator in 
accordance with the invention. 

5 Figures 3a to 3c show output pulses which may be obtained using apparatus in 
accordance with the present invention. 

In figure 1 a radiation source 2 is shown connected to an EMR splitter 6 via an 
optical fibre link 4. Radiation pulses (shown 22) generated by the radiation 
10 source 2 are transmitted via the optical fibre 4 to the splitter 6 wherein the pulse 
energy is distributed throughout five optical fibres (7,8,10,12,14) each having 
different physical characteristics. In this example the optical fibres are delay 
lines having different time delays, which in the example shown are created by 
each of said fibres having a different physical length. 

15 

Other physical characteristics of the optical fibres may be used to modify the 
EMR pulses. Various known mechanisms by which features can be induced in 
materials suitable for transmitting EMR pulses are intended to be Included In the 
scope of the invention and include, but are not limited to, differing physical 
20 lengths, differing material properties such as doping to produce frequency 
shifting, or elements added to the material which change the state of the 
photons passing through and variations in fibre refractive index. 

The resulting production of identifiable modified multiple pulses is known in the 
25 art as pulse train coding. 

In the example shown in figure 1 it is assumed that the energy of the pulse train 
22 incident on the splitter 6 is equally distributed amongst the 5 optical delay 
lines (7.8,10,12,14) each fibre thereby carrying a pulse of 1/5 the total energy of 
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u««!«m i«i emoloved in individual delay 
,„e. The generation of Increased PR - J 

„«.ou. any addiUonal energy inpu, « at ^^^,^„, „„„ip,e 

provides .r a —a, '"^^J J^^^tlcting targets, wt^ere a 
pulse, -me multiple pulse ger^rated may l>e used. n ^^^^ 

slgna, Is regul^. A.-ug„ ^jZ^^r^'^r^ - 
amplitude than the original single pulse '^"^'^^^'^^^^^ 3 p„,se train 
Improved as ..aoKground noise nas less e^r. on mede«^ ^^P^ 
than a single pulse, v*lch might be obscured by a sudden p 

teature 0, the e«.mp. . n. «er.ed .0 -r^J^^-^^;^ 

energy dls.rl,>u.on and accordingly pulse ene^ 0 

could equally have been distributed among^ ^^J^ .t^reby 

accordance v.«h any fractional ''^^^^"^^ ^^^^ pu^. 
5 producemultiplepulseswithvaryingampMudesbetweenadia 

^ . r7 R 10 12 14) are recombined in 

The pulses earned b, each of the delay Unea <7'«;^°^^' j ime 

..e EMR c^b^ ie and transmitted via *e '^'^ ^^^^^^^^ 
18 ,0 an output device 20. The recombined pulses 23 a»* 
example by five lower energy Increased '-'-"^^^ ^l^^iay lines 
pulses being detennined by the particular charaotenstics 
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..eot^utdev^maytyp^.c<«,p,lseacommu™.,ior,sor^^^^^^^^ 

either the receipt or transmission of secure 
switching of a transmission or receipt iine. 

..e gen^at^n 0, m*. pu- "^,'1^.::^. 
30 diagrammaacaDy at 22) produces a senes of pulses 24,28, 
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modified by passing through the splitter 6, delay lines 7,8,10,12.14 and 
combiner 16 to produce a series of multiple pulses shown respectively at 
26,30,34. 

5 The example shown in figure 1 utilises the characteristics of equally spaced 
physical time delays to produce modified multiple pulses 26,30.34. Alternative 
methods of encoding pulses may also include the use of delay lines with varying 
time duration between adjacent pulses and/or lines (with or without delays) 
having differing colours or materials which introduce encoding elements into the 
10 resultant multiple pulses which would prove difRcult to replicate or copy. 

This feature lends the invention to the field of secure communications whereby 
the transmission and receipt of unique 'signature' pulses comprising known 
pulse repetition frequencies (e.g. varying or constant) and/or the inclusion of 
15 individual pulses within a multiple pulse sequence that may include one or more 
colours or shifts in energy level could signlficantiy increase the security of such 
systems. 

Figure 2 shows a radiation source 2 connected to an EMR splitter 6 via an 
20 optical fibre link 4. The EMR splitter 6 comprises five optical fibre delay lines (7, 
8. 10. 12. 14). each having a different physical length as in the embodiment of 
Figure 1. Radiation pulses (shown 22) generated by the radiation source 2 are 
transmitted via tiie optical fibre 4 to the splitter 6. The optical fibre delay lines 
(7, 8, 10, 12, 14) of this embodiment each comprise a switch (100, 102, 104, 
25 106. 108) for enabling or preventing an EMR pulse from travelling along the 
optical fibre. The switch may be a mechanical switch, or a photonic switch, for 
example. 



In Figure 2. switches 100, 104, 106 and 108 are configured to allow EMR 
30 pulses to travel along the optical fibres 7, 10, 12 and 14 respectively. Switch 



. CMR nulse from travelUng along the 
,02 hcweve. IS configured « 7'"^;"XI,rt,..mepulse.aln23 c, 

Figure 1 . It can be seen that m *• « optical fbres are 

^ .ay be .odlled by us.g tH^ --^ ^nd n,ay be 

switched between on and off. The 

adapted to be remotely controlled. 

that if unwanted 

a ,3d««cn sou«=. ^ « ^T^ed by radla«on source 2 a,. 
„ f,bre llnK 4. Radla«oh pu^s f^^^^^ ^ energy Is 

^„sm«.ed via the opUca. * * each having dlHerent 

distributed «,roughou.five , .^optical Hbres were delay 

pnys^loharacterlssos. .nthe^amP^^^^^^^^ ^ ^^^^^ ^ 

„nes having different »me "^''VS, ,„ ,,is example, the optical 

,0 26,30.34 each comprising a tram o. <^«^J^^ ^ ^ each 
f,bres are delay ll^s having a very «^a*^ ^^^^.^^^^ 
o, the fibres, so that the rad«*on P"^J^^ ,ne resu»an, 

SI— ous., one P-^--2rgL.,,^„..o..helnputpulse 
output is a single pulse 38 having a 
25 22. 

/.nn the Dhvsical characteristics of the 

optical fibres (7,8.iu.i^. 



In this example, the energy of the pulse 22 incident on the splitter 6 is equally 
distributed amongst the five optical delay lines (7,8.10,12,14). each fibre 
thereby carrying a pulse of 1/5 of the total energy of the input pulse 22 unless a 
gain mechanism is employed in the individual delay lines. Other energy 
distributions lare possible, for example to produce the output pulses 40 or 42 
shown in Figures 3b and 3c respectively. Similar output pulses to those shown 
in Figures 3b and 3c may also be achieved by permitting more than one delay 
line to have the same time delay. 

Switches such as those described with respect to Figure 2 may also be used to 
prevent pulses from travelling along particular fibres, to further vary the output 
pulse or pulse train. 

Other advantages and improvements over state of the art systems will be 
readily apparent to those skilled in the art and such embodiments and 
alternative embodiments which utilise ttie inventive concept of the disclosure 
contained herein are considered included wfthin the scope of the claimed 
invention. 
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an EMR spl» for rece,v,ng me pu ,^„tes>on paths 

BMR TnMrsmlssU.n paths having physl^. 

«=e,«d putees. each of sa«i «3 

oharacterisucs for modW EMR P*"**^ P 

relative to the input .^uts of said plurality of 

,„HMRcon*ine,f»co,*»ni^««-»--^^°"'^""°' 

EMR transmission paths, and transmitting 

^ ^3St one confine. EMR output transn^" path 

said combined EKAR output. 

, .ne,e.cn,a.ne..r3«on(EM.)^-^^^^^^^^^^^^ 

, Clai. . at ^ - «^-, E^.R output 

«n,e delays revive to eaoh other «k 
conH^hses a train of discrete pulses from a sing 

3 .ne.ctron,a,ne«crad.«on(EMR,rnu«p.ji»^^^ 
,n Clain, 1 v^- -id transmission^.- "^^^^ 

.eiays rela«ve .0 each "'^''J^J pulses, v,herain at 

comprises an output pulse tram o a, teas ^ ^„ger than that 
least one pulse of said output pulse tram has a 

of the input pulse. 
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tlme delays relative to each other, such that the combined EMR output 
comprises a single pulse having a duration longer than that of the input 
pulse. 

An electromagnetic radiation (EMR) multiple pulse generator as claimed 
in any preceding claim further comprising switching means for acting on 
at least one of said plurality of EMR transmission paths, the switching 
means being capable of enabling or disabling the transmission path. 
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An electromagnetic radiation (EMR) multiple pulse generator 
substantially as hereinbefore described with reference to the 
accompanying drawings. 
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